Recently
Three of 8 lesions showed a single GO+G1 peak, and the rest exhibited plural GO+G1 peaks in DNA profile.
And 4 of 5 lesions, which showed plural GO+G1 peaks, presented a peak at the DNA value of (near) 2c.
We could detect an alteration in the distribution of number of chromosome 17 between diploid peak and aneuploid peaks in 4 of 4 lesions which presented a peak at the DNA value of (near) 2c.
However, we could not find a difference in the distribution of number of chromosome 17 between GO+G1 peak and G2+M peak. cytogenetic analysis using FISH showed discrepant results in other cases [6, 13, 15] . For example, the tumors showing diploid pattern in DNA profile often exhibited a heterogeneity in the cytogenetic analysis using FISH. Therefore, the relationship between nuclear DNA content and numerical aberration of a particular chromosome has been considered to be complicated. In colorectal tumors, numerical aberrations of chromosome 7, 8, 12, 17 and 18 were demonstrated in combination with clinicopathological analyses, immunohistochemical analyses, or DNA ploidy analyses [3, 9, 20] . And such numerical aberrations in chromosomes were discussed as related to the grade of tumors, proliferation activity, or DNA aneuploidy.
On the other hand, DNA ploidy analyses were more widely applied to various grades of colorectal tumors [4, 5, 8] , and the correlation between the DNA aneuploidy and the grade of tumor was also demonstrated.
An alteration of nuclear DNA content may involve chromosome numerical aberrations, and both the DNA aneuploidy and numerical chromosome aberrations correlate to the grade of tumor, whereas discrepant results are often observed between them.
Chromosome numerical aberrations have been discussed as a result of chromosome instability, which has been considered as a consequence of DNA injury and the malfunction in the process of DNA repair. Mutation of p53 gene, which locates on the short arm of chromosome 17, is considered to be one of the most representative causes which yield the malfunction in the process of DNA repair, and the relationship between the accumulation of mutant p53 protein and DNA aneuploidy has been proved [2, 14, 18] . By the mutation of p53 gene, chromosome 17 acquires the instability for itself, and moreover, the process of DNA repair becomes malfunctioned.
On this point of view, we considered that chromosome 17 was the most suitable for investigating the relationship between numerical chromosome aberration and nuclear DNA content.
Although both nuclear DNA content and number of a particular chromosome should be evaluated simultaneously on an identical nucleus, we usually could not obtain a successful result, because the denaturation process, which is required in FISH procedure, hinders correct evaluation of nuclear DNA content. In the present study concerning colorectal carcinoma, we have collected both of these values sequentially on an identical nucleus by using computer controlled auto-scanning stage [1] . We have paid attention to the heterogeneity in DNA profile, and compared the number of signals in a nucleus (number of S/N) among cytofluorometrically distinct subpopulations, in order to investigate the correlation between nuclear DNA content and numerical aberration of chromosome 17.
II.
Materials and Methods population of a primary peak and a secondary peak, respectively. We could not detect a statistically significant difference in the distribution of number of S/N between a primary peak and a secondary peak. Fig. 4 shows a DNA profile of Case 1 and the distribution of number of S/N in each peak. We could detect significant differences between the cytofluorometric subpopulations of 1.4c-2.2c and 3c-3.6c, 1.4c-2.2c and 4.4c-4.8c, and 1.4c-2.2c and 5.2c-7.2c, respectively, while we could not find a remarkable difference among the aneuploid subpopulations. As shown in Fig. 5 , a similar observation could be found in Case 8. In this case, the cytofluorometric subpopulation exhibiting the DNA value of 1.6c-2.6c showed an increase of 17-monosomy nuclei, whereas the aneuploid subpopulations showed an increase of 17-trisomy and more than 17-trisomy nuclei.
Overall, we could detect a significant difference in the distribution of number of S/N between diploid and aneuploid subpopulations in 4 of 4 lesions (Cases 1, 3, 7 and 8), although we could not find a difference among aneuploid and tetraploid subpopulations in 7 of 8 lesions (Table 2 ). Fig. 6 shows a DNA profile of Case 6 and the distribution of number of S/N in each peak. In this case, distinct populations in Case 8. Significant differences were also detected between a diploid peak and aneuploid peaks. In this case, it was notable that the nuclei exhibiting more than 2 signals increased in aneuploid peaks although the nuclei with 17-monosomy increased in a diploid peak.
we could detect a significant difference in the distribution of number of S/N.
The frequency of nuclei exhibiting more than 4 signals increased in the population of a secondary peak. In this lesion, it was notable that a minor population arising at twice the DNA value of the secondary peak could be found.
This observation indicated that the population of a secondary peak included the nuclei harboring higher endoreduplication.
IV. Discussion
A quantification of nuclear DNA content could not be made accurately on the specimen upon which FISH had already been proceeded, because the actual amount of nuclear DNA decreased, and the bonding of fluorescent staining agent and genome DNA was weakened after the denaturation process. Therefore, an evaluation of cytogenetic analysis using FISH and quantitative DNA analysis could not be made simultaneously even by a fluorocytometric method using a photo multiplier. The relationship between cytogenetic analysis using FISH and quantitative DNA analysis was studied in the case of bladder carcinoma, hepatocellular carcinoma and colonic carcinoma [13, 15, 20] . In the present study, we have evaluated each parameter sequentially by means of computer controlled auto-scanning stage. We have evaluated nuclear DNA content before the denaturation process of FISH, and then, scanned out the identical nuclei in the order of the nuclear position data after FISH process. This method enables us to acquire both nuclear DNA content and number of FISH signals on each identical nucleus. Thus, we can appreciate the correlation between nuclear DNA content and number of FISH signals.
In DNA profile, the population of a primary peak consists of the cells situated on G0+G1 phase, and the population of a secondary peak, which usually arises at twice the DNA value of a primary peak, mainly consists of the cells situated on G2+M phase. Regarding the tumors growing in vivo, we can often find minor subpopulations showing different degrees of endoreduplication as small peaks apart from these major peaks. Devilee P. et al. demonstrated that the distribution of number of S/N of a particular chromosome was not affected by the fraction of S+G2+M phase by comparing it between non-neoplastic lymphocytes and Con-A stimulated lymphocytes [6] . We could demonstrate the similar finding that the distribution of number of S/N did not alter between the cells situated on G0+G1 phase and the cells situated on G2+M phase in aneuploid colorectal carcinomas.
Although the genome content actually increases in the nuclei situated on G2+M phase, the analysis of chromosome numerical aberration using FISH technique precisely interprets the intrinsic karyotype.
In estimating the number of S/N using (peri)centromere specific DNA probe for a particular chromosome, we usually suffered from not a few errors, such as insufficient hybridization, non-specific signal expression and/or counting error. Therefore, we usually did not pay attention to the karyotypic heterogeneity in the whole population of tumor cells. In this study, we could demonstrate the alteration in the distribution of number of S/N according to the endoreduplication of nuclear DNA. And, in some cases, the heterogeneity detected by FISH analysis reflected the cytofluorometrical heterogeneity.
On this point, a minor subpopulation identified by FISH analysis could indicate the subpopulation which acquired different property in the manner of proliferation.
However, we also found the heterogeneity of number of S/N within cytofluorometrically identical subpopulation. This heterogeneity may arise from an inherent change as well as estimation errors.
It may be difficult to detect the significance of this heterogeneity because we cannot distinguish an intrinsic change from estimation errors. Gobhart E. et al. demonstrated the existence of microclones which harbored single aberrant karyotype among the interphase cell population by analyzing numerical aberration for multiple chromosomes in the case of aneuploid leukemia [7] . We also consider that an essential karyotypic heterogeneity exists within cytofluorometrically identical cell population. Although tumor cell population shows an apparent homogeneity in quantitative DNA analysis, yet it may consist of plural subpopulations which harbor slightly different karyotype. Such subpopulation, which acquires high proliferating activity, metastasizing activity or invading activity, may arise among these slightly different karyotypic subpopulations, and, later on, may dominate the characteristics of tumor. This speculation should be proved by comparing the manner of progression or the proliferating activity among these slightly different karyotypic subpopulations.
Numerical aberration of a particular chromosome in diploid tumors was demonstrated in the case of bladder carcinoma, breast carcinoma and colorectal carcinoma [6, 9, 15] . These numerical aberrations were considered as a specific change for each tumor, and as an early state of aneuploid [6] . We could not distinguish these numerical aberrations from the numerical aberrations accompanied by aneuploidization with a single analysis of FISH. Similarly, we could not distinguish the nuclei, which exhibited disomy of a particular chromosome despite showing aneuploid in quantitative DNA analysis, from intact nuclei with a single analysis of FISH. Therefore, we can conclude that cytogenetic analysis using FISH reflected aneuploidization of nuclear DNA, although, in some cases, cytogenetic analysis using FISH indicated the discrepant result from quantitative DNA analysis.
In conclusion, we could examine both nuclear DNA content and number of chromosome 17 on each identical nucleus by means of computer controlled auto-scanning stage. We could demonstrate that the number of S/N did not alter between the nuclei situated on G0+G1 phase and those on G2 + M phase, and that cytogenetic analysis using FISH could reflect aneuploidization of nuclear DNA. What is more, we could detect a cytogenetic heterogeneity in the cytofluorometrically identical subpopulation. Cytogenetic analysis using FISH and quantitative DNA analysis often showed discrepant results, because these 2 analyses reflected different aspects of alteration in genome content.
Therefore, in analyzing cytogenetics using FISH, we should perform quantitative DNA analysis simultaneously in order to assess an essential cytogenetic change.
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